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In a study area ca. 5 km N of Umea, Sweden, we tested the relationship 
between abundance and biomass of terricolous and field layer invertebrate 
taxa along a light gradient (consisting of four different forest habitats of boreal 
coniferous forests, each represented by one stand). In 1984, five sampling 
locations, each having 6 pitfall traps and 3 sweep-net samples, were randomly 
allocated in each stand. In total, 4879 terricolous invertebrates with a biomass 
of 63 490 mg and 1894 field-layer invertebrates with a biomass of 17 143 mg 
were caught. Mean values for each sampling location were used to analyse the 
pattern of invertebrate groups along the gradient using Spearman rank correla- 
tion (n = 20). There was a decrease in both abundance and biomass from 
shaded to sunny forests of Diptera (both terricolous and field layer), Hy- 
menoptera (terricolous), Collembola (field layer) and Lepidoptera larvae 
(field layer), and for the abundance of terricolous Coleoptera and field layer 
Hymenoptera. An increase in both abundance and biomass from shaded to 
sunny forests was found for terricolous Collembola, Homoptera and Acari, 
and the abundance of terricolous Formicidae and Coleoptera larvae, and the 
biomass of field layer Hymenoptera larvae and total invertebrates. Diptera, 
Coleoptera and, especially, Lepidoptera larvae have earlier been shown to be 
important prey for several bird species breeding in the boreal forest and the 
high number and biomass of these taxa in the shaded forest habitats may 
indicate that preserving buffer zones and fragments of wet, shaded forest, 
currently done in forest management at final felling, is a good strategy. 
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1. Introduction ies considerably in both abundance and biomass, 

and that this may be explained by factors such as 
An increasing number of studies have revealed substrate availability, climate, frequency of 
that the occurrence of terricolous and field-layer specific micro-habitats, environmental require- 
invertebrates in Fennoscandian boreal forests var- ments of different species, etc. (e.g. Forslund 1945, 
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Huhta 1965, Huhta et al. 1967, 1986, Stuen 1983, 
Kastdalen & Wegge 1985, Kastdalen 1986, 
Biström & Väisänen 1988, Spidsö & Stuen 1988, 
Stuen & Spidsö 1988, Niemelä et al. 1988, 1990, 
1992, 1993, 1994, Niemelä 1990, Punttila et al. 
1991, Halme & Niemelä 1993, Pajunen et al. 
1995). Also biotic interactions and/or relationships 
between species play an important role (e.g. 
Atlegrim 1989, 1991, Niemelä 1990, Niemelä et 
al. 1992). The frequency and intensity of distur- 
bances are also important since they influence 
abiotic factors, such as solar radiation, moisture 
conditions, etc., which, in turn, influence the oc- 
currence of invertebrates (e.g. Niemelä et al. 1993, 
Muona & Rutanen 1994, Atlegrim & Sjöberg 
1995b, 1996). 

Today, clear-cutting, followed by planting, is 
the main disturbance creating young stands, re- 
sulting in single-layered, even-aged and mono- 
cultural stands, quite different from the multilay- 
ered, mixed and uneven aged stands created by 
natural disturbance regimes (Hämet-Ahti 1983, 
Haila 1994, Esseen et al. 1997). Clear-cutting 
drastically changes abiotic conditions (Geiger 
1961, Heliövaara & Väisänen 1984) which, in 
turn, affect the terricolous and field-layer inverte- 
brate fauna (e.g. Punttila et al. 1991, Niemelä et 
al. 1993, Atlegrim & Sjöberg 1995b). Re-evalu- 
ating earlier studies (see above) with respect to 
abiotic factors, it is evident that many invertebrates 
show patterns at the taxonomic level of orders and/ 
or families — particularly in relation to sunlight 
and moisture conditions. 

Considering the intermediate trophic position 
of many terricolous and field-layer invertebrates, 
and that they contain many functional groups, pat- 
terns of invertebrates may be of considerable im- 
portance for the forest community as a whole. Such 
patterns may, for example, be important for habi- 
tat quality with respect to food availability for birds 
(Atlegrim & Sjöberg 1995a, b). Revealing and 
understanding the patterns of invertebrate occur- 
rence in different types of boreal forests with sepa- 
rate abiotic factors also has implications for forest 
management, e.g. understanding which habitats are 
most important to protect and/or manage. 

The aim of this study was to test if the abun- 
dance and biomass of terricolous and field layer 
invertebrate taxa were related to a light gradient. 
The light gradient consisted of four different for- 
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est habitat types which frequently occur in 
Fennoscandian boreal forests. The study was con- 
ducted in June, corresponding to the breeding sea- 
son of many bird species, because we wanted to 
relate the occurrence of invertebrates in the light 
gradient to the diet of several birds (see Atlegrim 
& Sjöberg 1995b) and see if habitat quality with 
respect to food availability for bird species varied 
within the gradient. The results are discussed in 
relation to and compared with earlier studies of 
terricolous and field layer invertebrate occurrence 
in Fennoscandian boreal coniferous forests. 


2. Study area 


The study area of ca. 20 ha is located in the Middle 
Boreal Zone (Ahti et al. 1968), 5 km N of Umea, 
Sweden (long. 63°55N, lat. 20°22’E). It is charac- 
terised by a mosaic of dominant heath-forest stands 
of pine (Pinus sylvestris L.) and spruce (Picea abies 
L.) intermingled with small open mires fringed by 
narrow, wet, mire forests. Within this mosaic we 
selected one stand of spruce mire, mesic spruce, pine 
bog and pine heath forest (Table 1). These four habi- 
tats constitute forests which commonly occur in 
northern Swedish boreal forests. The bilberry, 
Vaccinium myrtillus L., dominated the field layer in 
all the studied habitats (Table 1). The spruce-mire 
and pine-bog forests generally have the wettest condi- 
tions followed by the mesic spruce forest, the pine 
heath forest is driest. However, in our study, the upper 
ground layer dried out in the pine-bog forest, prob- 
ably due to rather sparse tree cover. Therefore, this 
habitat was considered to be drier compared with 
both the spruce-mire and mesic spruce forests. Light 
conditions were measured and found to differ 
significantly between the habitats (for methodology, 
see below). The forest habitats, therefore, represent 
a gradient with respect to sunlight reaching the field 
layer from the most shaded spruce mire forest to the 
most sunny pine-heath forest (Table 1). 


3. Methods 


3.1. Invertebrate sampling 


Five sampling locations were randomly assigned within each 
of the four forest types, and six pitfall traps were placed in 


ENTOMOL. FENNICA Vol. 14 © Invertebrates along a boreal mire forest gradient 


a randomised order at each sampling location, making up a 
total of 36 traps per forest type. Pitfall traps were plastic 
jars with depth 7 cm and diameter 7 cm. They were half- 
filled with 50% ethylene glycol and detergent. The traps 
were out from 2—28 June 1984, corresponding to the breed- 
ing season for most birds. 

We used pitfall-trap data as a measure of relative occur- 
rence of terricolous invertebrate taxa (at the family level) in 
order to relate their occurrence to the light gradient, not as a 
measure of numerical species composition. Topping and Sun- 
derland (1992) showed that there was a high correspondence 
between spider densities as measured by density samples and 
pitfall traps for the time of season corresponding to our study. 
Törmälä (1982) found that the pitfall-trapping method gave 
fairly reliable results on relative occurrence of both spiders 
and other invertebrate taxa. This has also been shown for bee- 
tles in forest habitats (Niemelä et al. 1988). Activity of prey 
might be an important factor for detection by birds, and since 
pitfall data is a combination of both invertebrate abundance 
and their activity, pitfall traps may better reflect the availabil- 
ity of prey for birds, compared to other sampling methods. 

Three sweep-net (diameter 0.25 m) samples were taken 
at each sampling location on June 13. Each sample con- 
sisted of 20 moving sweeps in the field layer. Sweep-net 
sampling can be influenced by weather conditions, so the 
sampling was conducted when the weather was warm and 
sunny. In earlier studies we have found a close correspond- 
ence between the number of herbivorous insect larvae visu- 
ally counted within 10-dm? rings laid out in the field layer 
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and data from sweep-net sampling (Atlegrim & Sjöberg 
1996). Thus, sweep-net sampling gives an accurate meas- 
ure of the occurrence of invertebrates in the field layer. In- 
vertebrates were preserved in 70% ethanol. All invertebrates 
were determined to order and in some cases taxa were di- 
vided further into families and/or divided into adults (imago) 
and young (larvae). The individuals of each taxonomic group 
were counted and weighed (to the nearest 0.001 g) for each 
pitfall trap and sweep-net sample. 


3.2. Light availability in the field layer 


A Sky-sensor (type SKR 110) was used to measure the ratio 
of light intensity between 660 and 730 nm in micro Einstein 
x cm”. The values were obtained by placing the sensor be- 
side the top leaves of the field layer. The values obtained in 
the forest stands were compared with values measured in full 
sunlight and the data for the stands is presented as the per- 
centage of full sunlight reaching the field layer. At ten ran- 
domly chosen plots in each stand three values were meas- 
ured. A mean value for each plot (7 = 3) was calculated giv- 
ing ten values for each stand. The ten values for each forest 
habitat were used to test differences in shading (% of full 
sunlight reaching the field layer) between the habitats with 
Tukey test (n = 10 in each comparison; p < 0.05; Zar [1984]). 
The four forest habitats differed significantly (Table 1) and 
thus did represent a light gradient. 


Table 1. Characteristics of the studied forest stands. For measurement of shading, see text. The forest stands 
differed significantly from each other with respect to shading of the field layer (Tukey test; n = 10; p < 0.05). 








Species/Factor Spruce mire Mesic spruce Pine bog Pine heath 
Tree composition (%) 
Pinus sylvestris L. 1 0 51 93 
Picea abies (L.) 93 100 48 6 
Betula spp. 6 0.1 1 1 
Vegetation type Spruce mire Spruce heath Mixture of Dry pine heath 
Vaccinium forest of “true dwarf- forest of 
myrtillus Vaccinium shrub pine Empetrum- 
type ' myrtillus bog” and Myrtillus -type ? 
-type ? spruce mire 
of Vaccinium 
myrtillus type ' 
Moisture wet mesic wet dry 
Shading (% of full 70 79 91 96 
sunlight reaching 
the field layer 
Dominating field- V. myrtillus V. myrtillus V. myrtillus V. myrtillus 


layer species 
Co-dominating 
field layer species 


V. vitis-idaea 
Rubus chamae- 
morus 


V. vitis-idaea 


V. vitis-idaea V. vitis-idaea 





1 Terminology follows Eurola et al. (1984); ? terminology follows Kalela (1961). 
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3.3. Statistical analysis 


A mean value for each sampling location was calculated based 
on the six pitfall traps and three sweep-net samples. Mean val- 
ues were calculated for the abundance and biomass of each 
taxonomic group, the total abundance and biomass for inver- 
tebrates in the field layer (sweep-net samples), and, the total 
abundance and biomass with and without ants for terricolous 
invertebrates (pitfall traps). The four forest habitats constituted 
a gradient with respect to light conditions in the following or- 
der, from the most shaded to most sunny: (1) spruce-mire, (2) 
mesic spruce, (3) pine-bog and (4) pine-heath forest. We used 
the mean values for each sampling location in each forest habitat 
(n = 5 for each habitat; total n = 20) to determine how the 
abundance and biomass of different taxonomic groups were 
related to the light gradient using Spearman rank correlation 
(Zar 1984), since the assumptions for a parametric test (nor- 
mality and homoscedasticity) could not be fulfilled. 


4. Results 


A total of 4879 terricolous invertebrates with a 
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biomass of 63 490 mg including representatives 
from nine invertebrate groups were caught in the 
pitfall traps (Table 2). Within the field layer, we 
found representatives from 12 invertebrate 
groups with a total of 1894 individuals and a 
biomass of 17 143 mg (Table 3). Among the 
terricolous groups Collembola, Diptera, Hy- 
menoptera, Formicidae, Coleoptera and Aranea 
dominated with respect to abundance, while 
Diptera, Formicidae, Coleoptera and Aranea 
dominated with respect to biomass (Table 2). The 
field layer was dominated with respect to abun- 
dance by Lepidoptera larvae, Nematocera, 
Diptera, Hymenoptera and Aranea while Lepi- 
doptera larvae together with Hymenoptera lar- 
vae, Coleoptera and Araneae dominated with 
respect to biomass (Table 3). 

We found several significant relationships 
between the occurrence of invertebrate groups and 
the light gradient. The abundance and biomass of 
terricolous Collembola, Homoptera, Coleoptera 


Table 2. Mean values (M) and + 1 SE (SE) of abundance (A) and biomass (B) of terricolous invertebrate groups 
caught in this study with pitfall traps. The light gradient consisted of one stand of (from the most shaded to the 
most sunny habitat): Spruce mire, Mesic spruce, Pine bog and Pine heath. Mean values and SE are based on 
mean values for five randomly-selected sampling locations in each stand, and the mean values in each 


sampling location are based on six pitfall traps. 











Spruce mire Mesic spruce Pine bog Pine heath 
A B A B A B A B 
Collembola M 10.0 4.7 11.8 15.0 12.6 6.0 15.3 13.0 
SE 1.7 0.8 1.6 7.3 iz 0.4 1.4 1.4 
Diptera M 7.2 62.2 5.0 29.8 3.5 31.3 4.0 12.5 
SE 1.2 12.7 0.4 6.1 0.5 3.9 0.8 2.5 
Homoptera M 0.3 0.5 0.0 0.0 0.5 0.6 0.7 1.0 
SE 0.1 0.3 0.0 0.0 0.2 0.2 0.1 0.2 
Hymenoptera M 6.7 4.7 6.0 2.8 2.6 1:1 2.1 1.2 
SE {7 2.0 1.0 0.2 0.8 0.2 0.5 0.3 
Formicidae M 3.1 88.8 9.6 213.0 7.9 68.0 18.5 368.5 
SE 1.4 37.5 5.6 163.0 2.2 18.3 5.4 175.2 
Coleoptera M 3.4 42.6 2.9 39.6 1.2 104.1 1.6 45.2 
SE 0.6 9.8 0.3 10.2 0.3 61.1 0.3 17.4 
Coleoptera, larvae M 0.2 0.6 0.2 0.3 1.8 4.2 0.6 0.6 
SE 0.1 0.5 0.1 0.1 0.4 1.5 0.3 0.2 
Acari M 0.9 0.7 0.3 0.3 1.4 1.4 3.5 10.3 
SE 0.1 0.1 0.1 0.1 0.4 0.4 1.2 3:5 
Araneae M 3.6 25.7 2.5 15.0 2.7 18.0 3.4 44.9 
SE 0.7 7.1 0.3 3.8 0.5 2.5 0.4 18.3 
Total (excl. ants) M 34.5 412.7 30.8 339.9 27.7 272.9 34.1 408.6 
SE 3.2 46.2 2.9 36.2 2.7 74.6 2.7 76.0 
Total (incl. ants) M 37.6 501.5 40.4 552.9 36.6 340.9 52.5 777.1 
SE 3.7 75.7 4.7 139.1 4.0 84.4 6.5 167.4 





ENTOMOL. FENNICA Vol. 14 © Invertebrates along a boreal mire forest gradient 231 


larvae and Acari increased from the shaded to the 
sunny forest habitat, while the opposite pattern 
was found for Diptera and Hymenoptera (exclud- 
ing ants) (Table 4, terricolous invertebrates). In 
addition, the abundance of Formicidae increased 
while the abundance of Coleoptera decreased from 
shade to sunny forest habitats (Table 4, terricolous 
invertebrates). In the field layer both the abun- 
dance and biomass of Diptera, Collembola and 
Lepidoptera larvae decreased from shaded to 
sunny forest habitats (Table 4, field layer). Fur- 
ther, the abundance of Hymenoptera decreased 
while the biomass of Hymenoptera larvae (Hy- 
menoptera: Symphyta) increased from shaded to 
sunny forests (Table 4, field layer). Also, the total 
biomass of invertebrates decreased from shaded 
to sunny forests (Table 4, field layer). 


5. Discussion 


We found that the abundance of terricolous 
Formicidae increased from the shaded to sunny 
forests, in agreement with Biström and Väisänen 
(1988). Ants constitute an important group from 
several ecological aspects (Petal 1978, Wilson 
1990, Holldobler & Wilson 1990, Cole et al. 1992, 
Way & Khoo 1992, Woodman & Price 1992, 
Punttila et al. 1994) and patterns of ants in forests 
seems to be dependent on the species composi- 
tion of the ant fauna, especially the extent to which 
red wood ants (Formica spp.) dominate. Such 
species are known to found large, multi-nest colo- 
nies with high densities of workers (Douwes 1976, 
Collingwood 1979, Douwes 1981, Nilsson & 
Douwes 1987, Douwes 1995), and especially 


Table 3. Mean values (M) and + 1 SE (SE) of abundance (A) and biomass (B) of field-layer invertebrate groups 
caught with sweep-net sampling in this study. The light gradient consisted of one stand of (from the most 
shaded to the most sunny habitat): Spruce mire, Mesic spruce, Pine bog and Pine heath. Mean values and SE 
based on mean values for five randomly selected sampling location in each forest stand, and the mean values 
in each sampling location is based on three sweep-net samples. 











Spruce mire Mesic spruce Pine bog Pine heath 
A B A B A B A B 
Collembola M 2.6 0.9 2.1 1.0 0.5 0.5 0.2 0.3 
SE 0.9 0.2 0.6 0.3 0.2 0.1 0.1 0.2 
Homoptera M 0.3 0.9 0.5 0.7 1.0 2.1 0.2 0.1 
SE 0.1 0.4 0.2 0.4 0.2 0.5 0.2 0.1 
Lepidoptera, larvae M 46 431.1 2.7 224.5 1.2 13.0 1.8 10.1 
SE 0.3 18.3 0.2 32.2 0.3 5.2 0.4 2.7 
Nematocera M 3.3 2.9 6.2 4.4 1.6 1.2 3.7 6.1 
SE 0.5 0.5 1:5 1.1 0.4 0.4 1:3 2.7 
Diptera M 3.0 13.8 2.1 6.8 1.7 7.6 0.5 0.5 
SE 1.0 5.8 0.8 2.8 0.3 3.3 0.3 0.2 
Hymenoptera M 2.9 1.4 3.8 2.9 2.3 4.7 1.8 2.1 
SE 0.2 0.2 0.7 1.3 0.6 1.7 0.1 0.6 
Hymenoptera, larvae M 0.8 19.9 1.7 35.7 1.3 32.6 2.4 68.5 
SE 0.2 5.4 0.2 5.5 0.3 8.3 1.2 31.4 
Formicidae M 0.2 0.8 0.5 2.3 2.0 8.5 0.9 3.1 
SE 0.2 0.6 0.4 2.2 1.1 4.9 0.4 1.8 
Coleoptera M 0.6 4.1 1.2 11.1 1.8 15.9 0.9 3.7 
SE 0.2 2.5 0.4 4.9 0.4 5.3 0.1 1.6 
Coleoptera, larvae M 0.1 0.3 0.1 0.1 0.9 2.0 0.1 0.1 
SE 0.1 0.2 0.1 0.1 0.3 0.9 0.1 0.1 
Acari M 0.1 0.1 0.3 0.3 0.7 0.3 1.7 0.3 
SE 0.1 0.1 0.1 0.1 0.2 0.1 1.2 0.2 
Araneae M 4.6 6.4 9.8 11.3 6.7 22.3 3.5 8.5 
SE 0.7 1.8 2.3 2.7 1.0 2.3 0.9 3.4 
Total M 24.1 484.7 33.8 306.0 23.3 115.6 18.4 109.8 
SE 2.4 20.8 5.7 39.0 3.6 20.2 4.4 37.6 
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Formica aquilonia Yarrow, which dominated in 
the current study, is known to have high worker 
densities in open and moderately shaded forest 
habitats (Punttila et al. 1991, 1994). 

Data from Huhta et al. (1967) indicates that 
abundance of both Acari and Coleoptera larvae 
decrease from shaded to sunny forests. Our data 
showed an opposite pattern. However, the results 
of Huhta et al. (1967) were based on litter and 
humus samples showing a snapshot picture, 
whereas our pitfall trap data cover longer sam- 
pling period. Additionally, a certain proportion 
of the fauna living in the soil will not be caught 
by our pitfall traps. We found a significant de- 
crease in the abundance of terricolous Coleoptera 
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from shaded to sunny forests, in agreement with 
Biström and Väisänen (1988). Earlier studies on 
terricolous beetles, especially terricolous carabid 
beetles (Coleoptera: Carabidae), have shown vari- 
ation in occurrences among habitats; population 
dynamics and presence/absence of certain 
microhabitat sites seem to be the mechanisms for 
much of this variation (Biström & Väisänen 1988, 
Niemelä 1990, Niemelä et al. 1990, 1992). 
Coleoptera may also be negatively affected by the 
presence of ants (Niemelä 1990, Niemelä et al. 
1992) and we also found such a negative relation- 
ship since the abundance of Formicidae increased 
while Coleoptera decreased from shaded to sunny 
forests. 


Table 4. The abundance and biomass of terricolous and field-layer invertebrate groups along a light gradient 
from shaded to sunny boreal forests. The gradient consisted of one stand of (from the most shaded to the most 
sunny forest habitat): Spruce mire, Mesic spruce, Pine bog and Pine heath. The data were analysed with 
Spearman rank correlation (r, is the correlation coefficient and p the significance level; n = 20), based on mean 
values of five randomly-selected sampling locations in each stand. The mean values for each sampling 
location for terricolous groups were based on six pitfall traps and for field layer groups based on three sweep- 
net samples. NS = not statistically significant. 














Abundance Biomass 

Group Taxa if p I, p 

Terricolous 
Collembola 0.478 <0.05 0.557 <0.01 
Diptera —0.596 <0.01 —0.780 <0.01 
Homoptera 0.536 <0.01 0.469 <0.05 
Hymenoptera —0.655 <0.01 —0.664 <0.01 
Formicidae 0.723 <0.01 0.357 NS 
Coleoptera —0.668 <0.01 —0.155 NS 
Coleoptera larvae 0.454 <0.05 0.383 NS 
Acari 0.490 <0.05 0.716 <0.01 
Araneae 0.055 NS 0.101 NS 
Total excl. ants 0.089 NS —0.155 NS 
Total 0.322 NS 0.217 NS 

Field layer 
Collembola —0.778 <0.01 —0.524 <0.05 
Homoptera —0.040 NS 0.267 NS 
Lepidoptera larvae —0.764 <0.01 —0.876 <0.01 
Nematocera —0.242 NS —0.105 NS 
Diptera —0.496 <0.05 —0.518 <0.05 
Hymenoptera -0.513 <0.05 0.230 NS 
Hymenoptera larvae 0.284 NS 0.489 <0.05 
Formicidae 0.347 NS 0.309 NS 
Coleoptera 0.308 NS 0.109 NS 
Coleoptera larvae 0.053 NS 0.035 NS 
Acari 0.316 NS —0.250 NS 
Araneae —0.272 NS 0.202 NS 
Total —0.318 NS —0.884 <0.01 
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In agreement with earlier studies (Stuen 1983, 
Spids6 & Stuen 1988, Stuen & Spidsé 1988), we 
found that the abundance and biomass of Diptera 
decreased from shaded to sunny forests. The pat- 
tern found in our study was mainly caused by high 
abundance and biomass of Dolichopodidae in the 
shaded forests. The abundance and biomass of 
terricolous Hymenoptera as well as the abundance 
of Hymenoptera in the field layer decreased from 
shaded to sunny forests, in agreement with Stuen 
and Spids6 (1988). A high proportion of the Hy- 
menoptera in our study are parasitoids and might 
be related to the pattern of herbivorous Lepidop- 
tera larvae (see below). 

The abundance and biomass of terricolous 
Homoptera increased from shaded to sunny for- 
ests. White (1970 and references therein) found 
that high concentrations of soluble nitrogenous 
compounds in their food plant was favourable for 
psyllids (Homoptera: Psyllidae). High concentra- 
tions of soluble nitrogen may be produced in plants 
receiving high solar radiation and/or being under 
water stress (White 1984), corresponding to the 
conditions for field layer plants in sunny forests 
and may offer one explanation for the observed 
pattern in the present study. Another possible (or 
contributing) reason for the observed pattern may 
be that ants tend many species of Homoptera 
(Larsson 1943), and both groups had high abun- 
dance in sunny forests. In accordance with earlier 
studies (Atlegrim 1989, Atlegrim & Sjöberg 1996) 
the biomass of Hymenoptera larvae increased 
from shaded to sunny forests. We have no expla- 
nation for the increase of terricolous Collembola 
from shaded to sunny forests and the opposite 
pattern shown by field layer Collembola, or why 
terricolous and field-layer Collembola showed 
opposite patterns. 

We found a significant decrease in both the 
abundance and biomass of Lepidoptera larvae 
from shaded to sunny forests, in accordance with 
other studies (Stuen 1983, Kastdalen & Wegge 
1985, Kastdalen 1986, Atlegrim 1991, Atlegrim 
& Sjoberg 1996). We suggest that this pattern can 
be explained by a change in the composition of 
Lepidoptera larvae, availability and quality of the 
food plant bilberry and ant predation along the 
gradient. We observed that geometrid larvae 
(Geometridae) decreased from shaded to sunny 
forests while tortricids and pyralids (Tortricidae 
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and Pyralidae) showed the opposite pattern. 
Geometrid larvae are relatively large and heavy 
which partly may explain the decrease in biomass 
from shaded to sunny forests. Holliday (1985) 
concluded that high temperatures may be injuri- 
ous for winter moth larvae (Operophtera brumata 
L.), a geometrid larvae which dominated in our 
study. Atlegrim (1991) showed that, compared to 
sunny habitats, bilberry (the main food plant in 
the field layer) in shaded habitats has a lower con- 
centration of phenols, and a higher concentration 
of nitrogen and water. For leaf-eating larvae, such 
as the geometrid larvae feeding on bilberry 
(Atlegrim 1991), low water concentration usually 
indicates high leaf toughness which negatively 
influence the feeding of leaf eating larvae (e.g. 
Stamp & Bowers 1990), and Feeny (1968, 1970) 
found, besides that increased leaf toughness pre- 
vented larval feeding, that the growth rate and 
pupal weight of O. brumata were reduced by in- 
creasing levels of tannin (a phenolic acid). In con- 
trast, pyralids and tortricids mainly feed on the 
reproductive parts of bilberry, and bilberry grow- 
ing in sunny forests has higher reproduction com- 
pared to shaded habitats (Atlegrim 1991). Preda- 
tion from ants has been found to considerably re- 
duce the abundance of Lepidoptera larvae, espe- 
cially leaf-eaters (Laine & Niemelä 1980, Niemelä 
& Laine 1986). Geometrid larvae, which crawl 
on the leaves while feeding are more exposed to 
bird predation (Atlegrim 1989, 1991, 1992, 
Atlegrim & Sjöberg 1995a), and may also be more 
exposed to ant predation, compared to tortricids 
and pyralids which conceal themselves more by 
feeding inside bilberry leaves they have spun to- 
gether. Thus, a change in the composition of the 
Lepidoptera larvae group together with changes 
in the food plant bilberry with respect to avail- 
ability (leaf and reproductive parts) and quality 
(leaf chemistry and leaf toughness), and ant pre- 
dation may explain our observed decrease in Lepi- 
doptera larvae from shaded to sunny forests, both 
in abundance and biomass. We also found, as did 
earlier studies (Stuen 1983, Kastdalen 1986, 
Spidsé & Stuen 1988, Stuen & Spidsö 1988) that 
the total biomass of invertebrates in the field layer 
decreased from shaded to sunny forests, which in 
our study was caused by a high abundance of 
Lepidoptera larvae, especially geometrids, in the 
shaded forests. 
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Our study was conducted in June, the breed- 
ing season for many species of insectivorous birds 
in the boreal forest. Atlegrim and Sjoberg (1995b) 
compiled literature data on the prey of bird spe- 
cies breeding in the boreal forest and showed that 
Lepidoptera larvae were utilised as prey by 81% 
of the bird species included in the study, followed 
in decreasing order by Araneae, Coleoptera, 
Formicidae, Hymenoptera larvae, Diptera and 
Homoptera. For several of these invertebrate 
groups we found significant patterns in the stud- 
ied gradient (see above). Field layer Lepidoptera 
larvae and terricolous Coleoptera (abundance), 
two invertebrate groups used by many bird spe- 
cies (Atlegrim & Sjöberg 1995b), showed a 
significant decrease from shaded to sunny forests 
and also both field layer and terricolous Diptera 
showed the same pattern. In contrast, Formicidae, 
Hymenoptera larvae and Homoptera showed the 
opposite pattern, while Araneae showed no 
significant pattern in the gradient. Taken together, 
these results indicate that shaded forests have a 
higher food availability of invertebrate groups 
used by several birds, especially with respect to 
Lepidoptera larvae (which are an important prey 
during the breeding season; see Atlegrim & 
Sjöberg [1995b], and references therein), 
Coleoptera and Diptera. Even though we found 
higher abundance of Formicidae, Hymenoptera 
larvae and Homoptera in sunny forests these are 
utilized by far fewer bird species (Atlegrim & 
Sjöberg 1995b). In Scandinavia, much emphasis 
is currently placed on preserving buffer zones and 
fragments of wet, shaded forests in forest man- 
agement during final felling. In this perspective 
our data indicates that this may well be a good 
strategy because food availability for birds, espe- 
cially during the breeding season, seems to be high 
in these habitats. 

Fluctuations in abundance and biomass of in- 
vertebrates may occur between years (e.g. Stuen 
& Spids6 1988). Our pitfall data show relative 
abundance and biomass, and sweep-net data give 
a momentary picture of the invertebrate commu- 
nity during one season. Our results should, there- 
fore, be interpreted with some caution, and we 
suggest additional studies. As it now stands, how- 
ever, our data are consistent with current man- 
agement practices to retain fragments of wet, 
shaded forests. 
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6. Conclusions 


Our results showed that there are patterns in abun- 
dance and biomass of invertebrate groups along a 
gradient from shaded to sunny forests. Within the 
terricolous group, we found contrasting results, 
since Collembola, Homoptera, Acari, Formicidae 
and Coleoptera larvae increased from shaded to 
sunny forests while Diptera, Hymenoptera and 
Coleoptera showed the opposite pattern. Within 
the field layer, most groups were found to decrease 
from shaded to sunny forest including Collembola, 
Lepidoptera larvae, Diptera, Hymenoptera and the 
total biomass of invertebrates, while Hymenop- 
tera larvae increased. We suggest that the pattern 
may be explained by changes in the composition 
of the group, food plant availability and quality, 
and ant predation along the gradient. 

Our study was conducted during the bird breed- 
ing season (June), so it has implications with respect 
to food availability for birds. Today, forestry aims at 
protecting buffer zones and wet, shaded forest frag- 
ments at final felling. Our data are consistent with 
the idea that this is a good strategy, since we found, 
in addition to a higher total biomass of invertebrates 
in the field layer, a high abundance and/or biomass 
of invertebrate groups, such as Lepidoptera larvae 
and Coleoptera (both important prey for birds dur- 
ing the breeding season), in shaded forests. 
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